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Abstract
In this paper, we consider green product design in a supply chain consisting of one
manufacturer and two retailers, where retailer 1 aims at monetary profit maximization, and
retailer 2 has fairness concern. We consider two kinds of green products: a marginal-intensive
green product (MIGP) and a development-intensive green product (DIGP). For the former, the
green investment cost depends on the green level and the production quantity; while for the
latter, the green investment cost depends on the green level solely. In each case, we investigate
the impact of the retailer’s fairness concern by comparing the optimal solutions and supply
chain performance with those in the basic models in which all the supply chain members aim
at profit maximization. We find that retailer 2 will set a higher retailing price and earn a smaller
market share. Such inferiority increases as retailer 2’s inequity aversion increases or as the
substitutability degree of the products offered by the two retailers increases. We also find that
retailer 2’s fairness concern will always harm the manufacturer. If an equity outcome is
achieved, the supply chain may achieve a better performance; however, if an inequity outcome
is attained, the supply chain always performs worse.
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1. Introduction
The circular economy aims to eliminate waste and can potentially generate a net benefit of
US$2.0 trillion in Europe and US$4.5 trillion worldwide by 2030 (Ellen MacArthur Foundation
2015, Lacy and Rutqvist 2015). The era of circular economy has witnessed the enactment of
stricter environmental regulations around the globe. Environmental laws such as The Waste
Electrical and Electronic Equipment Directives require that the rate of recovery by an average
weight per appliance be increased to a minimum of 70-80% by 2006 and 75-85% by 2018
(WEEE Directive 2002, 2012). The EU emissions trading system set Phase 3’s starting an
overall number of allowances ("cap") to be 16.5% below verified 2005 emissions, with an
annual decline rate of 1.74% in 2013-2020 and an annual decline rate of 2.2% in 2021-2030
(EU ETS 2017). Meanwhile, consumers have become more environmentally conscious and
have adopted more sustainable behaviors in the circular economy era. According to a survey
conducted in 60 countries by Nielsen (2015), 66% of 30,000 consumers are willing to pay more
for sustainable brands, up from 55% in 2014 and 50% in 2013. In fact, in the retail market,
consumers are willing to pay up to a 25% premium for sustainable offerings (Du et al. 2017).
In order to meet regulatory requirements and customer expectations, a growing number of
manufacturers and retailers have been striving towards a circular economy by dedicating a
significant amount of investments to designing, making and promoting green products. A CEO
study by United Nations Global Compact and Accenture revealed that 91% of 766 CEOs from
nearly 100 countries believed that their company would employ new technologies such as
renewable energy and information and communication technologies to address environmental
issues over the next five years (UN Global Compact and Accenture, 2010). In reality,
companies such as General Electric, Apple, and Microsoft have launched various programs to
reduce toxins, greenhouse emissions, and energy consumptions from their products (Dey et al.
2019). Benefiting from green orientations in terms of increased financial gains, market share,
levels of employee commitment, customer satisfaction, and firm valuations (Gleim et al. 2013),
more and more producers are actively collaborating with distributors and retailers in improving
2

the environmental performance of their end-to-end supply chain. Consumers also believe that
retailers should promote green products by increasing their visibility on store shelves or by
having a green corner dedicated to eco-friendly products (Eurobarometer 2009). As a response
to manufacturers and customers’ needs, Walmart, the world’s biggest retail company, launched
the Sustainable Chemistry Initiative to reformulate over 125,000 personal care, beauty, baby,
pet, household cleaning, apparel, footwear and soft home textile products based on the 12
Principles of Green Chemistry (Walmart 2019). Such initiatives design out “waste” and
eliminate negative externality as defined in the circular economy (Ellen MacArthur Foundation,
2015).
Nevertheless, when facing increased wholesale prices and uncertain demand as a result of
a greener product design or initiative by the producer, a fair-minded retailer may perceive that
its profit margin is unfairly squeezed and thus reacts unfavorably towards the manufacturer (Li
et al. 2018). Fairness concern, defined as fairness preference by the channel members due to
inequality aversion, can affect channel relationships. For example, perceiving unfair pricing
and profit benefit allocation, Langsha Knitting, the world’s largest hosiery enterprise,
terminated cooperation with Walmart in 2007, while Xuzhou Wanji Trading Co., a formerly
important distributor of Procter & Gamble (P&G) in China, ended the business relationship
with P&G in 2010 (Nie and Du, 2017). Therefore, in order to achieve a more sustainable supply
chain performance, a producer shall take into account its retailers’ fairness concerns when
adding environmental dimension to its product.
Regarding the studies about circular economy issues, some existing studies have
investigated the investment effort with fairness concerns (see, for example, Du et al. 2017, Li
et al., 2018, and Zhang et al., 2019). However, the joint effect of horizontal competition and
distributional fairness concerns has not been well explored in the literature. Therefore, in this
article, we will fill the research gap by focusing on products’ green investment. We address the
following research questions:
l

In a supply chain with green investment and retailing competition, how would the
supply chain members, including both a horizontal competitor and an upstream
collaborator, respond to a downstream retailer’s fairness concern?

l

How would the fairness concern affect the profit distribution between the fair-minded
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retailer and the horizontal competitor? What are the impacts of retailing competition
intensity and inequity aversion on the profit distribution?
l

What is the impact of the fairness concern on the green investment decisions? Would
the retailer’s emotional concern harm or benefit the entire supply chain?

To answer these questions, we develop and study a supply chain with two competing
retailers sourcing from one manufacturer, where retailer 1 is a profit maximizer and retailer 2
has inequity aversion. We consider two types of green products: marginal-intensive green
products (MIGPs) of which the total investment cost depends on the production quantity, and
development-intensive green products (DIGPs) of which the total investment cost depends
solely on the green level. We derive the retailers’ optimal retailing prices and the
manufacturer’s optimal green investment and wholesale price decisions. We also compare the
optimal solutions and the supply chain members’ profits with those in the basic model where
retailer 2 does not have emotional inequity concern, to investigate the effects of the retailer 2’s
fairness concern.
We find that, in response to retailer 2’s fairness concern, the manufacturer will lower the
wholesale price and sacrifice some profit while retailer 1 will decrease the retailing price in
order to earn a market share no smaller than retailer 2. The manufacturer will also decrease the
green level only with DIGPs. We also find that retailer 2’ fairness concern benefits his
horizontal competitor in the case with MIGPs, but not necessarily in the case with DIGPs. With
both types of green products, if retailer 2 can achieve an equity outcome, the supply chain’s
performance can improve; however, if retailer 2 can achieve an inequity outcome, the supply
chain will always perform worse.
Our paper is organized as follows. In Section 2, we first review the related literature. In
Section 3, we develop the decision models of supply chain members. In Sections 4 and 5, we
derive the optimal solutions for the MIGP case and the DIGP case, respectively. Section 6
concludes the paper. All the proofs are relegated to the Appendix.
2. Literature Review
There are two main streams of related literature: supply chain management regarding green
product design, and the operations management with fairness concerns. We next review these
4

two streams of literature, respectively.
This work first belongs to the scope of circular economy and sustainable supply chain
management, which has received extensive attention in the literature. We refer to Alzaman
(2014), Centobelli et al. (2018), and Govindan and Hasanagic (2018) for general reviews in
this area. This paper investigates a specific aspect of sustainable operations, namely, green
investment, with the consideration of consumer environmental awareness. Ghosh and Shah
(2012) consider the bargaining issues in green supply chains. Chen et al. (2017a) and Hong et
al. (2019) analyze the impact of supply chain power structures. Ghosh and Shah (2015) and
Raj et al. (2018) investigate the supply chain coordination under different contracts. Dong et
al. (2016), Xu et al. (2017), and Shi et al. (2018) examine the carbon emission issues in green
supply chains. All the above-mentioned studies consider DIGPs; that is, the green investment
cost depends on the green level but is independent of the production quantity. In this paper, we
consider both MIGPs and DIGPs. For the former MIGPs, the green investment cost depends
on the production quantity. Dey et al. (2019) discuss the effects of strategic inventory on a twoperiod supply chain, and both types of green products (MIGP and DIGP) are considered.
The above studies consider a supply chain with one manufacturer and one retailer. In our
paper, we explore one manufacturer which trades with two retailers. Zhu and He (2017)
investigate the green product design under either retailing competition or supply chain
competition by considering both MIGPs and DIGPs. The supply chain’s green investment
decisions are investigated under different supply chain structures. Shi et al. (2019) consider a
similar supply chain structure, where the supply chain members can improve product
sustainability by investing in clean technology. The investment can reduce the firm’s carbon
emission tax can improve consumer utility. They compare the optimal decisions under different
scenarios where the manufacturer, one manufacturer, or both retailers conduct the investment.
Some studies consider one retailer sources from competing manufacturers, e.g., Liu et al.
(2012), Giri et al. (2019), Sim et al. (2019). Being different from the above literature, we study
green supply chain management by addressing supply chain members’ fairness concerns.
The second stream of literature is related to the fairness concerns, which consider either
one or some of the supply chain members that not only seek profit but also have inequality
aversion. Supply chain members’ fairness concerns can be categorized as distributional fairness
5

and peer-induced fairness, depending on whether it incurs among vertical supply chain
members or horizontal supply chain members (Fehr and Schmidt 1999). Cui et al. (2007) first
use the inequality aversion to characterize fairness concerns in vertical supply chains and show
that a designed wholesale-price contract can eliminate the double marginalization and achieve
coordination. The linear demand setting in Cui et al.’s (2007) is extended to nonlinear ones by
Caliskan-Denmirag et al. (2010), and to stochastic demand functions by Wu and Niederhoff
(2014). Du et al. (2014) investigate the effects of fairness concerns with Nash bargaining. Yang
et al. (2013) show that when a fair-minded retailer co-operates with the manufacturer to
conduct advertising, the double marginalization can be eliminated. Katok et al. (2014)
investigate the performance of a wholesale price contract under the case where the retailer’s
fairness concern is private information. Studies on fairness concerns in vertical supply chains
also explore other operational issues such as manufacturer encroachment (Li et al. 2016),
financing with budget constraint (Chen et al. 2017b), multi-period modularity design (Li 2018),
e-commerce supply chain (Wang et al. 2019), and closed-loop supply chain (Ma et al. 2017).
Fairness concerns are also investigated in triadic supply chains where peer-induced fairness
concerns may arise together with distributional fairness concerns. Ho et al. (2014) discuss a
supply chain with two retailers sourcing from one manufacturer, where the first-moving retailer
has a distribution fairness concern with the manufacturer, and the second-moving retailer has
both distributional fairness concerns with the manufacturer and peer-induced fairness concerns
with the other retailer. It is shown that the second retailer will set a higher price and earn a
lower profit than the first one. Nie and Du (2017) extend Ho et al.’s (2014) model by analyzing
the effects of quantity-discount contracts on the supply chain coordination. Du et al. (2018)
also investigate the same supply chain structure by focusing on the peer-induced fairness
concern between the two retailers. In these supply chains, the two retailers operate in separate
demand markets and there is no competition between the retailers. In this paper, however, we
include the retailer competition in our supply chain and investigate the joint effect of fairness
concerns and horizontal competition. To sustain the tractability, we restrict our attention to the
distributional fairness concern only. It is worth mentioning that there are some studies on
fairness concerns that consider a downstream manufacturer sourcing from two upstream
manufacturers; see, e.g., Chen et al. (2015), Liu et al. (2018), Zhang and Wang (2018).
6

Our paper is most related to Du et al. (2017), Li et al. (2018), and Zhang et al. (2019), which
consider the sustainability investment together with distributional fairness concerns. Du et al.
(2017) study the case where both the manufacturer and the retailer invest in green technology
innovation development and show that the distributional fairness concerns from either the
supply chain members will enhance the technology innovation development. Li et al. (2018)
investigate the carbon emission reduction decisions with a fair-minded retailer, where carbon
emission reduction can increase the market demand. Zhang et al. (2019) consider the
sustainability investment for marginal cost-intensive products, where the investment can
improve the demand and reduce the carbon emission cost. These studies focus on the effect of
distributional fairness concerns in two-tier supply chains. In our paper, we consider a
manufacturer trading with two competing retailers, and we investigate the joint effect of
horizontal competition and distributional fairness concerns on the green product investment.
3. The model
We consider a supply chain consisting of a manufacturer and two competing retailers. For
convenience, we refer to retailer 1 as she and retailer 2 as he. The manufacturer makes the
production and sells the products through the two retailers, which bear the products with their
own brands. The products from the two retailers are substitutable and competing in the same
market. To reduce waste and unlock the value of circular economy, the manufacturer can invest
in the green product design. We consider two kinds of green products: a marginal cost-intensive
green product (MIGP) and a development-intensive green product (DIGP). Regarding a MIGP,
the total investment cost depends on the green level and the production quantity (see Zhu and
He 2017). For example, in the automobile industry, replacing an old module by a new green
one makes the product be a MIGP; and in the apparel industry, companies such as H&M and
American Apparel are using more sustainable fabric that meets the Better Cotton Standard,
which are also MIGPs. Regarding a DIGP, the total investment cost solely depends on the green
level (see Zhu and He 2017). DIGPs are common for the cases where new technologies need
to be significantly developed before being widely adopted in production, e.g., the development
of electric car technologies.
Hereafter, we refer to the two cases as the MIGP case and DIGP case, respectively. We
7

assume that consumers are environmentally conscious such that investing in green product
design can increase consumer demand.
In this paper, we consider the manufacturer as the Stackelberg leader. This is usually the
case when the manufacturer gains a higher bargaining power than the retailers or possesses a
unique technology or product in a monopolistic market. For example, in the integrated circuit
industry, Shin-Etsu, the largest manufacturer of silicon wafer, is considered as a Stackelberg
leader that offers a wholesale price to the downstream buyers including TMSC and UMC. This
setting is well adopted in the literature, like Nie and Du (2017), Du et al. (2018), and Shi et al.
(2019). The event sequence is as follows. Firstly, the Stackelberg manufacturer invests in the
green level and determines the wholesale price. We assume the manufacturer offers the same
wholesale price to both retailers. Secondly, the retailers observe the manufacturer’s decisions
and simultaneously determine their retailing prices, respectively. The demand is realized at last.
Follow the common setting in the literature (see, for example, Wang et al. 2016, Zhu and
He 2017), we adopt the following demand functions in the competing market with green
investment. We assume
𝐷" = 𝑎 + 𝛾𝑒 − 𝑝" + 𝜃𝑝+ ，
where 𝑝" and 𝐷" are the selling price and the realized demand of retailer 𝑖 (𝑖, 𝑗 = 1,2, 𝑗 ≠
𝑖),

𝑎 is the market size, 𝛾 > 0 is the sensitivity of consumers’ environmental awareness, 𝑒

is the green level that represents the manufacturer’s design effort, 𝜃 is the substitutability
degree of the two products. Denote 𝑤 as the manufacturer’s wholesale price. The
manufacturer’s green investment cost depends on the type of the products. We use superscripts
“m” and “d” to denote the MIGP and DIGP cases, respectively. For 𝑡 = 𝑚, 𝑑, we let 𝛱"; be
the manufacturer’s profit by selling to retailer 𝑖 , where 𝑖 = 1, 2, and we let 𝛱; be the
manufacturer’s total profit by selling to both retailers. Thus, 𝛱; = 𝛱<; + 𝛱=; . The detailed
formulation of 𝛱"; and 𝛱; will be provided later. Let 𝜋"; be retailer 𝑖’s monetary payoff,
𝑡 = 𝑚, 𝑑. It is easy to see that 𝜋"; is independent of the product type and
𝜋"; = (𝑝" − 𝑤)𝐷" = (𝑝" − 𝑤)?𝑎 + 𝛾𝑒 − 𝑝" + 𝜃𝑝+ @,

(1)

where 𝑖, 𝑗 = 1, 2, 𝑗 ≠ 𝑖, and 𝑡 = 𝑚, 𝑑.
One key assumption of this paper is that one retailer is not a pure profit maximizer but,
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instead, has a distributional fairness concern. Without loss of generality, we assume that retailer
1 pursues profit maximization and retailer 2 has a distributional fairness concern. This means
that retailer 2 not only cares about his monetary payoff but also has inequity aversion; that is,
retailer 2 has an equity belief on his monetary payoff, and he will suffer an emotional disutility
if his profit differs from his equity belief (see, e.g., Cui et al. 2007, Li 2018). Thus, inequity
aversion includes both disadvantageous inequality (i.e., retailer’s profit is less than the equality
belief) and advantageous inequality (i.e., retailer’s profit is higher than the equality belief).
However, according to Rabin (1993), a retailer usually cares about disadvantageous inequality
instead of advantageous inequality with the manufacturer being the Stackelberg leader.
Therefore, similar to the settings in Ho et al. (2014), and Du et al. (2018), we consider only the
disadvantageous inequality in retailer 2’s utility. Also, we assume that retailer 2’s equality belief
on his profit is identical to the manufacturer’s monetary payoff from trading with him, i.e., 𝛱=; .
Thus, retailer 2’s utility is
𝑈=; = 𝜋=; − 𝛽(𝛱=; − 𝜋=; )C ,

(2)

where 𝑡 = 𝑚, 𝑑, and 𝛽 > 0 is the inequity aversion parameter. The above simplification of
retailer 2’s equality belief allows us to derive some neat managerial insights. Note also that if
“(𝛱=; − 𝜋=; )C = 0”, i.e., 𝑈=; = 𝜋=; , we say that retailer 2 achieves an equality outcome; that is,
retailer 2 does not suffer any emotional disutility. Otherwise, we say retailer 2 attains an
inequity outcome.
4. The MIGP case
In this section, we consider the MIGP case in which the green investment cost is associated
with the production quantity. Following Zhu and He (2017), we let 𝜉𝑒 = be the additional unit
production cost with green level 𝑒, where 𝜉 > 0. Without loss of generality, we normalize the
basic unit production cost to zero. Thus, the manufacturer’s profit by selling to retailer i is
𝛱"E = (𝑤 − 𝜉𝑒 = )𝐷" = (𝑤 − 𝜉𝑒 = )?𝑎 + 𝛾𝑒 − 𝑝" + 𝜃𝑝+ @,

(3)

for 𝑖, 𝑗 = 1,2, and 𝑖 ≠ 𝑗, and the manufacturer’s total profit is 𝛱E = 𝛱<E + 𝛱=E .
We refer to the model where each supply chain member maximizes his/her own profit as
the basic model, i.e., the model without fairness concerns. We use the caret “ F ” to denote the
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optimal solutions in the basic model. Denote 𝛿 =

H I CJKL(<MN)
L

. Lemma 1 provides the

equilibrium solutions to the basic model with MIGPs.
Lemma 1. For the basic model with MIGPs, the optimal decision variables are
𝑝̂ "E =

JKL(<MN)(QM=N)MH I (RMJN)
SL(=MN)(<MN)I

, 𝑖 = 1,2, 𝑤
TE =

QH I CJKL(<MN)
SL(<MN)I

H

, and 𝑒̂ E = =L(<MN) ;

the supply chain members’ profits are
I

I

W
W
FE =
𝜋V"E = XJ(=MN)I (<MN)I , 𝑖 = 1,2, and 𝛱
;
Q=(=MN)(<MN)Y
I

W (QM=N)
E
FZ[
and the supply chain’s total profit is 𝛱
= Q=(=MN)I (<MN)Y .

According to Lemma 1, the two retailers will set an identical retailing price and each will
earn 50 percent share of the market.
In the rest of this section, we will first obtain the retailers’ best responses in the retailing
prices in Section 4.1, and then analyze the manufacturer’s optimal decisions in Section 4.2. We
will also conduct the comparison with the results in the basic model in Section 4.3.
4.1 Retailer’s price decisions
In this subsection, we determine the retailers’ price decisions. Recall that retailer 1 maximizes
her monetary payoff, and retailer 2 has a distributional fairness concern. From (1)-(3), retailer
1’s monetary payoff is
𝜋<E = (𝑝< − 𝑤)(𝑎 + 𝛾𝑒 − 𝑝< + 𝜃𝑝= );
and retailer 2’s utility is
𝑈=E = (𝑎 + 𝛾𝑒 − 𝑝= + 𝜃𝑝< )[𝑝= − 𝑤 − 𝛽(2𝑤 − 𝑝= − 𝜉𝑒 = )C ],

(4)

where 𝑎 + 𝛾𝑒 − 𝑝= + 𝜃𝑝< is the market demand for retailer 2 and is non-negative. From (4),
retailer 2’s utility 𝑈=E depends on the value of 𝑝= . Specifically, if 𝑝= ≤ 2𝑤 − 𝜉𝑒 = , then the
term in the square brackets can be simplified to 𝑝= − 𝑤 − 𝛽(2𝑤 − 𝑝= − 𝜉𝑒 = ); and if 𝑝= >
2𝑤 − 𝜉𝑒 = , then the term “(2𝑤 − 𝑝= − 𝜉𝑒 = )C ” equals zero. We show that retailer 2’s utility is
two-piecewise concave such that the optimal price can be uniquely determined. Recall also that
the two retailers make price decisions simultaneously. We summarize the conditionally optimal
retailing prices in the following proposition.
Proposition 1. In the MIGP case, given the manufacturer’s green level 𝑒 and the wholesale
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price 𝑤, the two retailers’ optimal retailing prices are given as follows.

𝑝<E (𝑤, 𝑒) =

𝑎 + 𝛾𝑒 + 𝑤
,
⎧
2−𝜃
⎪
⎪𝑎 + 𝛾𝑒 + 𝑤 + 2𝜃𝑤 − 𝜃𝜉𝑒 =

ξ𝑒 = < 𝑤 ≤ 𝑤,

,
𝑤<𝑤<𝑤
e,
2
⎨
=
⎪
⎪𝑎 + 𝛾𝑒 + 𝑤(2 + 2𝛽 + 𝜃 + 2𝛽𝜃) − 𝜃𝛽𝜉𝑒 , 𝑤 ≥ 𝑤
e;
(1 + 𝛽)(4 − 𝜃 = )
⎩2−𝜃

and
𝑎 + 𝛾𝑒 + 𝑤
,
⎧
⎪ 2 − 𝜃=
𝑝=E (𝑤, 𝑒) = 2𝑤 − 𝜉𝑒 ,
⎨𝑎 + 𝛾𝑒 𝑤(2 + 𝜃 + 4𝛽 + 𝜃𝛽) − 2𝛽𝜉𝑒 =
⎪
+
,
(1 + 𝛽)(4 − 𝜃 = )
⎩2−𝜃
where 𝑤 =

KCHhC=Lh I MNLh I
QM=N

, and 𝑤
e=

𝜉𝑒 = < 𝑤 ≤ 𝑤,
𝑤<𝑤<𝑤
e,
𝑤≥𝑤
e;

(KCHh)(<Ci)(=CN)CLh I [JC=iM(<Ci)N I ]
XCJiM(<Ci)(NC=N I )

.

Proposition 1 shows that there are two thresholds which divide the wholesale price into
three intervals, and the retailers have different responses in these three intervals.
4.2 Manufacturer’s decisions
Given the manufacturer’s green level and wholesale price decisions, the retailers’ best
responses are given in Proposition 1. There are three possible responses, depending on the
values of the wholesale price but independent of the green level. Therefore, we can first analyze
the optimal wholesale price and then determine the optimal green level. Also, to optimize the
wholesale price, we shall first obtain the local maxima of the manufacturer’s total profit at each
of the three intervals, and then discuss the conditions under which each local maximum can be
the global optimal one. For ease of presentation, we define two thresholds regarding 𝜃 and
two auxiliary functions regarding 𝛽.
We

define

𝜃< =

√<RMQ
J

2√238)</Q ] . We also define
JC<rNCSN I C=N Y
<JMRNM<=N I MQN Y

and

<

𝜃= = k [−12 + (1107 − 54√238)</Q + 3(41 +
<

𝛽< (𝜃) = QMXNC=NI

for

𝜃 ∈ (0, 𝜃< ) , and

𝛽= (𝜃) =

for 𝜃 ∈ (0, 𝜃= ). As illustrated in Figure 1, it is easy to show that (i) θ< < θ= ,

(ii) both 𝛽< (𝜃) and 𝛽= (𝜃) increase in 𝜃 , (iii) 0 < 𝛽= (𝜃) < 𝛽< (𝜃) for any given 𝜃 ∈
(0, 𝜃< ), and (iv) 𝛽< (𝜃< ) = 𝛽= (𝜃< ). Thus, we obtain the manufacturer’s optimal decisions as
summarized in Proposition 2.
Proposition 2. In the MIGP case, the manufacturer’s optimal wholesale price 𝑤 E is given as
11

follows.
KCHh t C=L(h t )I MNL(h t )I

𝑤E =

0 < 𝜃 ≤ 𝜃< 𝑎𝑛𝑑 𝛽 ≥ 𝛽< (𝜃),

,
⎧
QM=N
⎪(KCHh t )(QCN)CL(h t )I ?RMJNMQNI@

𝜃< < 𝜃 < 𝜃= 𝑎𝑛𝑑 𝛽 ≥ 𝛽= (𝜃),

,
=(vMQNM=N I )
⎨
⎪(<Ci)(KCHh t )C(<C=i)(<MN)L(h t )I ,
⎩
(=CQi)(<MN)

(5)

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;

H

where 𝑒 E = =L(<MN) is the optimal green level.
Note that in Proposition 2, the three possible optimal wholesale prices correspond to the
conditionally optimal retailing prices in the three intervals as stated in Proposition 1. Note also
that in the first two cases of the optimal wholesale price, retailer 2 achieves an equity outcome,
i.e., (𝛱=E − 𝜋=E )C = 0; while in the third case, retailer 2 suffers disadvantageous inequality,
i.e., (𝛱=E − 𝜋=E )C > 0. We depict the three cases in Figure 1. For notational convenience, we
denote the three possible values of the optimal wholesale prices in (5) as 𝑤"E , 𝑖 = 1,2,3,
respectively, and it is easy to show that 𝑤<E < 𝑤=E < 𝑤QE (note that 𝑤<E = 𝑤). We find that,
intuitively, when retailer 2’s equity aversion parameter is nominal (e.g., 𝛽 < 𝛽= (𝜃< )) or the
substitute level of the two products is sufficiently high (e.g., 𝜃 ≥ 𝜃= ), the manufacturer may
not care much about retailer 2’ inequity aversion and, as a result, retailer 2 cannot achieve an
equity outcome. Otherwise, the manufacturer will carefully choose the wholesale price to
ensure that retailer 2 can attain an equity outcome.
Although the wholesale price is a piecewise function with three subdomains, the optimal
green level turns out to be unique. This is because in the MIGP case, the investment cost is
associated with each unit of products. From Propositions 1 and 2, we can further identify the
retailers’ optimal retailing prices and the supply chain members’ optimal profit. The optimal
retailing price can be obtained directly by plugging in 𝑒 E and 𝑤 E obtained in Proposition 2
to the best responses in Proposition 1. To avoid redundancy, we present only the supply chain
members’ profit in the following Table 1.

Table 1. The supply chain members’ profit in the MIGP case.
0 < 𝜃 ≤ 𝜃<

𝜃< < 𝜃 < 𝜃=

and 𝛽 ≥ 𝛽< (𝜃)

and 𝛽 ≥ 𝛽= (𝜃)

otherwise
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I

𝜋<E

WI

W I ?RMNM=N I @

<X(QMvNC=N I )I

=vX(<MN)~(vC=N)I

𝜋=E

<X(QMvNC=N I )I

𝛱E
E
𝛱Z[

WI

W I •=MNMN I Ci?JMNM=N I @€

I

<X(=CQi)I (<MN)~ (JMN I )I
W I [=MNMN I C=i?QMNMN I @][=MNMN I Ci?=M=NMN I @]

W I (QCN)[SMN(QCN)(<C=N)]
<=S(<MN)~ (vC=N)I

<X(=CQi)I (<MN)~ (JMN I )I

WI

W I (QCN)I

W I (<Ci)

S(QMvNC=N I )I

<=S(<MN)Y(vC=N)I

<X(=CQi)(<MN)Y (=MN)

WI

W I [<SRM<rNMN I?<QRCv=NCJN I @]

WI

J(QMvNC=N I )I

=vX(<MN)~(vC=N)I

[

(=CXi)(QM=N)

<X (=CQi)I (<MN)Y (=MN)I

+

iI?v=MQXNMQkNI C<QNY CkN~@
(=CQi)I(<MN)~ (JMNI)I

]

Figure 1. The three possible cases of the optimal wholesale price.

4.3 Comparison and discussion
To investigate the impact of retailer 2’s distributional inequity aversion on the other supply
chain members and the supply chain’s performance, we conduct a comparison study in this
subsection. We first compare the two retailers’ retailing prices and profits according to the
results in Table 1 and obtain the following proposition.
Proposition 3: If 0 < 𝜃 ≤ 𝜃< and 𝛽 ≥ 𝛽< (𝜃), then 𝑝<E = 𝑝=E and 𝜋<E = 𝜋=E ; otherwise,
𝑝<E < 𝑝=E , 𝜋<E > 𝜋=E , and 𝜋<E /𝜋=E is non-decreasing in 𝜃 and 𝛽.
In the basic model, the two retailers set identical retailing prices and earn identical profits
as revealed in Lemma 1. It is interesting to observe from Proposition 3 that retailer 2’s prospect
of disadvantageous inequality induces him to set a no smaller retailing price but achieve a no
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higher profit than his horizontal rival. That is, retailer 2’s inequity aversion actually harms
himself but benefit his competitor. Furthermore, retailer 2’s distributional inequity aversion
benefits his horizontal competitor more if the substitutability degree of the two products is
higher or the inequity aversion sensitivity parameter is higher. If 0 < 𝜃 ≤ 𝜃< and 𝛽 ≥ 𝛽< (𝜃),
then the two retailers still set an identical price and earn the same market share, which is higher
than that in the basic model, as shown in the following comparison results.
We next compare the optimal solutions and the supply chain members’ performance under
the cases where retailer 2 has or does not have inequity aversion. Recall that we use the notation
“ F ” to label the optimal solutions in the basic case where all the supply chain members are
profit maximizers. Define 𝛽Q (𝜃) =

JNMSCJN I
XM<<NMJN I CN Y

for 𝜃 ∈ (𝜃Q , 1) , where 𝜃Q satisfies

“𝛽= (𝜃Q ) = 𝛽Q (𝜃Q ).” We summarize the comparison results in the following proposition.
Proposition 4. There exist two thresholds 𝜃J and 𝜃v (𝜃J > 𝜃v ) such that the following
comparison results of the optimal decisions and supply chain members’ performance hold.
Manufacturer
Equity
outcome
Inequality
outcome

𝑒 E = 𝑒̂ E
𝑤E < 𝑤
TE
FE
𝛱E < 𝛱

Retailer 1

Retailer 2

Supply chain

𝑝<E < 𝑝̂<E

𝑝=E < 𝑝̂ =E
π‚
V =E iff 𝜃 < 𝜃J
= >𝜋

E
E
FZ[
𝛱Z[
>𝛱
iff 𝜃 < 𝜃v

𝑝=E > 𝑝̂ =E
π‚
V =E iff 𝛽 < 𝛽Q (𝜃)
= >𝜋

E
E
FZ[
𝛱Z[
<𝛱

𝜋<E ≥ 𝜋V<E

In the MIGP case, the green investment cost incurs uniformly in every piece of products
and retailer 2 is aware of this cost when making decisions. When retailer 2 has inequity aversion,
he has the incentive to raise his retailing price to eliminate his disadvantageous inequality,
which will harm the market demand. In response, the manufacturer shall try to increase retailer
2’s profit. This can be achieved by either increasing the green level or decreasing the wholesale
price. Since the design cost of a MIGP increases proportionally to the product sales, either
increasing the green level or decreasing the wholesale price can increase retailer 2’s profit
portion. Proposition 4 shows that in the MIGP case, the manufacturer retains the green level,
lowers the wholesale price, and earn a less profit in response to retailer 2’s prospect of
disadvantageous inequality.
Note that the same wholesale price is offered to both retailers. In response to the
14

manufacturer’s lowered wholesale price, retailer 1 also lowers her retailing price. This can help
retailer 1 to earn a higher profit by winning a no smaller market share (see Proposition 3).

Figure 2. The cases about retailer 2’s profit.

Digging deeper, however, retailer 2’s optimal retailing price may not necessarily be lower
than that in the basic model. Specifically, if retailer 2 can achieve an equity outcome (the
regions where 0 < 𝜃 ≤ 𝜃< and 𝛽 ≥ 𝛽< (𝜃), or 𝜃< < 𝜃 < 𝜃= and 𝛽 ≥ 𝛽= (𝜃) in Figure 1),
he will choose a lower retailing price according to manufacturer’s wholesale price and achieve
a higher profit. However, if retailer 2 attains an inequity outcome, his retailing price is higher
than the basic model so as to mitigate the disutility due to disadvantageous inequality. In either
case, retailer 2’s profit may be higher or lower than that in the basic model.
Note that when retailer 2 achieves an equity outcome, both retailers set lower retailing
prices than the basic model. One may think that retailer 2 could also achieve a better profit and
double marginalization would be mitigated. This is true for most cases when the equity
outcome is attained. However, it is not valid when 𝜃 is sufficiently large (note that when an
equity outcome is attained, the value of 𝛽 does not affect the optimal solutions). This is
because when the substitutability degree is high, retailer 1 will set a significantly lower retailing
price than retailer 2 such that retailer 2 will only earn a small market share. This will harm
15

retailer 2 as well as the supply chain. See Figure 2 for illustration.
If retailer 2 cannot achieve an equity outcome, retailer 2 can achieve a higher profit if his
inequity aversion sensitivity parameter is not too large. However, the supply chain always has
a worse performance than that in the basic model.
5. The DIGP case
In this section, we consider the DIGP case in which the total investment cost depends only on
the green level and is independent of the production quantity. The key for DIGPs is normally
developing new technologies. Follow Zhu and He (2017), we let 𝜂𝑒 = be the total investment
HI

cost given green level e, where 𝜂 > 𝜂 = JMXNC=NI to avoid trivial cases. With DIGP, the
retailers’ profit is the same as the case with MIGPs. However, the manufacturer’s monetary
payoff from trading with retailer 𝑖 is
𝛱"„ = 𝑤𝐷" = 𝑤?𝑎 + 𝛾𝑒 − 𝑝" + 𝜃𝑝+ @,

(6)

for 𝑖, 𝑗 = 1,2 and 𝑖 ≠ 𝑗, and the manufacturer’s total profit is
𝛱„ = 𝛱<„ + 𝛱=„ − 𝜂𝑒 = .

(7)

Similar to Section 4, we first present the results for the basic model where all supply chain
members pursue profit maximization with DIGPs.
Lemma 2. For the basic model with DIGPs, the optimal decision variables are
K…(QM=N)

K…(=MN)

HK

𝑝̂"„ = =…(=MN)(<MN)MHI , 𝑖 = 1,2, 𝑤
T „ = =…(=MN)(<MN)MHI , and 𝑒̂ „ = J…MHI MX…NC=…NI ;
the supply chain members’ profits are
I I

I

I

K … (<MN)
K …
F„ =
𝜋V"„ = [=…(=MN)(<MN)MHI ]I , 𝑖 = 1,2, and 𝛱
;
=…(=MN)(<MN)MH I
I

I

K …[=…(<MN)(QM=N)MH ]
„
FZ[
and the total supply chain’s profit is 𝛱
= [=…(=MN)(<MN)MHI ]I .

5.1 Retailers’ and manufacturer’s optimal decisions
In this subsection, we proceed to the model where retailer 2 has inequity aversion. By
backwards induction, we first consider the retailers’ best responses in the retailing prices to the
manufacturer’s decisions. With DIGPs, the retailers’ objectives are revised as follows. Given
the wholesale price 𝑤 and the green level 𝑒, retailer 1’s monetary payoff profit is the same as
the one in the MIGP case, i.e.,
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𝜋<„ = (𝑝< − 𝑤)(𝑎 + 𝛾𝑒 − 𝑝< + 𝜃𝑝= );
However, from (2) and (6), retailer 2’s utility becomes
𝑈=„ = (𝑎 + 𝛾𝑒 − 𝑝= + 𝜃𝑝< )[(𝑝= − 𝑤) − 𝛽(2𝑤 − 𝑝= )C ].

(8)

Note that, compared to 𝑈=E , 𝑈=„ does not include the marginal cost 𝜉𝑒 = . Thus, the retailers’
best responses in the retailing prices follow directly from Proposition 1 by setting “𝜉 = 0.”
Then, by embedding the best response retailing prices to the manufacturer’s profit function, we
can derive the manufacturer’s optimal decisions by maximizing the profit. Similarly, for a given
green level, we first obtain the global optimal wholesale price by comparing the three local
optima, and then optimize the green level accordingly. Following the above procedure, we
obtain the following proposition.
Proposition 5. In the DIGP case, the manufacturer’s optimal wholesale price is
KCHh ‡

𝑤„ =

0 < 𝜃 ≤ 𝜃< 𝑎𝑛𝑑 𝛽 ≥ 𝛽< (𝜃),

⎧ QM=N ,
⎪(QCN)?KCHh ‡ @

𝜃< < 𝜃 < 𝜃= 𝑎𝑛𝑑 𝛽 ≥ 𝛽= (𝜃),

,
⎨ =(<MN)(vC=N)
⎪(<Ci)?KCHh ‡ @ ,
⎩ (<MN)(=CQi)

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;

where the optimal green level investment 𝑒 „ satisfies
=KH

𝑒„ =

0 < 𝜃 ≤ 𝜃< 𝑎𝑛𝑑 𝛽 ≥ 𝛽< (𝜃),

⎧…(QM=N)I M=HI ,
⎪
KH(QCN)I

,
I
I
⎨S…(<MN)(vC=N)MH (QCN)
K(<Ci)H
⎪
⎩…(=CQi)(=MN)(<MN)M(<Ci)HI ,

𝜃< < 𝜃 < 𝜃= 𝑎𝑛𝑑 𝛽 ≥ 𝛽= (𝜃),

(9)

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.

Recall that the optimal green level has a unique value in the MIGP case (as shown in
Proposition 2). However, Proposition 5 reveals that, in the DIGP case, the optimal green level
investment is a piecewise function with three subdomains corresponding to the three possible
optimal wholesale prices. This is because the green level investment cost is a total amount of
𝜂𝑒 = , which appears in the manufacturer’s total profit function (7). Also, in the first two cases
of (9), retailer 2 achieves an equity outcome, and in the last case of (9), retailer 2 suffers
disadvantageous inequality. The pattern is identical to that in Figure 1.
Using the optimal decision in Proposition 5, we obtain the supply chain members’ profit
and the supply chain’s total profit as shown in Table 2.
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Table 2. The optimal supply chain members’ profits in the DIGP case.
0 < 𝜃 ≤ 𝜃<

𝜃< < 𝜃 < 𝜃=

𝑎𝑛𝑑 𝛽 ≥ 𝛽< (𝜃)

𝑎𝑛𝑑 𝛽 ≥ 𝛽= (𝜃)

otherwise

𝜋<„

KI … I (QM=N)I

JKI … I (RMNM=N I )I

KI … I [=MNMN I Ci(JMNM=N I)]I

[…(QM=N)I M=HI ]I

[S…(<CN)(vC=N)MHI (QCN)I ]I

[(=CQi)(=MN)(<MN)…M(<Ci)HI ]I (=CN)I

𝜋=„

SKI … I(QCN)[SMN(QCN)(<C=N)]
[S…(<MN)(vC=N)MHI (QCN)I ]I

KI … I [=MNMN I C=i(QMNMN I )][=MNMN I Ci(=M=NMN I)]

[…(QM=N)I M=HI ]I

𝛱„
„
𝛱Z[

KI … I (QM=N)I

[(=CQi)(=MN)(<MN)…M(<Ci)HI ]I (=CN)I

=KI …

KI …(QCN)I

…(QM=N)I M=HI

S…(<MN)(vC=N)MHI (QCN)I

KI (<Ci)…
(=CQi)(=MN)(<MN)…M(<Ci)HI

JKI …[…(QM=N)I MHI ]

KI …[J…(<SRM<rNM<QRNI Mv=NY MJN~ )MHI(QCN)~ ]

KI …[…(<MN)(=CN)I (QM=N)(=CXi)CiI …?v=MQXNMQkNI C<QNY CkN~ @MHI (<Ci)I(=CN)I ]

[…(QM=N)I M=HI ]I

[S…(<MN)(vC=N)MHI(QCN)I ]I

[(=CQi)(=MN)(<MN)…M(<Ci)HI ]I (=CN)I

5.2 Comparison
In this section, we conduct the comparison study between the models with and without fairness
concern for DIGPs. First, similar to the MIGP case, we find that if retailer 2’ prospect of
disadvantageous inequality matters, then he will earn a less market share than his horizontal
competitor. The higher the substitutability degree/disadvantageous inequality sensitive
parameter is, the less profit retailer 2 earns relative to retailer 1. The above results are
summarized in Proposition 6.
Proposition 6: If 0 < 𝜃 ≤ 𝜃< and 𝛽 ≥ 𝛽< (𝜃) , then 𝑝<„ = 𝑝=„ and 𝜋<„ = 𝜋=„ ; otherwise,
𝑝<„ < 𝑝=„ , 𝜋<„ > 𝜋=„ , and 𝜋<„ /𝜋=„ is non-decreasing in 𝜃 and 𝛽.
Next, we compare the supply chain members’ performance in the DIGP case (Table 2) with
those in the basic model (Lemma 2) and present the results in Proposition 7.
Proposition 7. The comparison of the optimal decisions and supply chain members’
performance with and without fairness concerns is summarized as follows.
Manufacturer
Equity
outcome

𝑒 „ < 𝑒̂ „
𝑤„ < 𝑤
T„

Inequality
outcome

Retailer 1

„

𝑝<„ < 𝑝̂<„

Retailer 2

Supply chain

𝑝=„ < 𝑝̂=„

--

𝑝=„ > 𝑝̂=„ iff 𝜂 >

F„

𝛱 <𝛱

H I (JMNMN I )

„
„
FZ[
𝛱Z[
<𝛱

(=MN)I (<MN)

In the DIGP case, in response to retailer 2’s inequity aversion, the manufacturer lowers
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F „ , as in the MIGP
the wholesale price, i.e., 𝑤 „ < 𝑤
T „ , and scarifies some profit, i.e., 𝛱„ < 𝛱
case. However, the manufacturer also lowers the green level. This is because, in the DIGP case,
the manufacturer bears all the investment cost but retailer 2 does not take it into consideration
when he evaluates his disadvantageous inequality as implied by (7) - (8). Therefore, unlike the
MIGP case, the manufacturer cannot retain the green level in the basic model.
In response to the manufacturer’s lowered wholesale price and green level, retailer 1 also
lower her retailing price, i.e., 𝑝<„ < 𝑝̂<„ . However, retailer 1’s profit may either increase or
decrease. That is, retailer 1 does not necessarily enjoy a profit premium from retailer 2’
emotional concern as in the MIGP case.
Compared with the basic model, retailer 2 may either lower or raise his retailing price.
Specifically, if retailer 2 does not achieve an equity outcome and the manufacturer’s marginal
green level investment cost is high, then retailer 2 will raise his retailing price. This is because,
as shown in Proposition 5, the green level decreases and the realized market demand decreases
when 𝜂 increases. Considering that retailer 2 faces disadvantageous inequality and a shrunk
demand, he is eager to increase profit by setting a higher retailing price.
Regarding the supply chain’s profit, the supply chain may benefit or be harmed from the
fairness concern, depending on 𝛽, 𝜃, and 𝜂. However, similar to the MIGP case, when retailer
2 cannot achieve an equity outcome, the supply chain cannot achieve the total profit in the basic
„
„
FZ[
model (i.e., 𝛱Z[
<𝛱
).

6. Conclusion
In a circular economy, products are designed to be waste-free and negative externality is
designed out. In this paper, we examine the green product design in a supply chain with one
manufacturer and two competing retailers, where retailer 2 has emotional fairness concerns.
According to the types of the green products, we discuss both MIGP and DIGP cases. In each
case, we derive the supply chain members’ optimal solutions and profits. We also compare the
supply chain members’ performances with those in the basic models where everyone aims at
profit maximization. The effects of retailer 2’s fairness concern on his horizontal competitor,
on the upstream manufacturer, and on the supply chain performance are obtained. The
following results and managerial insights are derived.
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l In the MIGP case, compared to the basic model without fairness concern, the
manufacturer retains the green level but lowers the wholesale price when retailer 2 has
fairness concern. In the DIMG case, however, the manufacturer lowers both the
wholesale price and the green level. In both cases, the manufacturer will sacrifice some
profit in response to retailer 2’s fairness concern.
l In both cases, compared to the basic model without fairness concern, the fair-minded
retailer 2 sets a higher retailing price but earns a less profit than his horizontal
competitor. Retailer 2’s profit relative to retailer 1’s profit decreases due to his
emotional inequity concern, and it becomes even worse if the substitutability degree
of the products is higher or the inequity aversion sensitivity level is higher.
l Retailer 2’ fairness concern benefits his horizontal competitor in the MIGP case, but
not necessarily in the DIGP case. In both cases, retailer 2 may earn a higher or a lower
profit than the basic models, depending on the substitutability degree and the inequity
aversion sensitivity parameter.
l In both cases, the supply chain performs worse if retailer 2 cannot achieve an equity
outcome. While retailer 2 achieves an equity outcome, the supply chain can achieve a
better performance.
One limitation of this paper is that we only examine the case in which retailer 2 has a
distributional fairness concern, and we do not consider the peer-induced fairness concern
between the two retailers. Investigating of the joint effects of distributional and peer-induced
fairness concerns, with allowing various wholesale prices, can be a possible future work on
this topic. Second, we do not consider carbon emission reduction as a result of green investment.
Modeling carbon emission cost and environmental taxes to the current setting is another future
research direction (e.g., Choi 2013, Choi and Chiu 2012). Third, in this paper we consider a
deterministic investment model in a symmetric information setting. Possible model extensions
are to investigate the effects of demand uncertainty (e.g., Dong et al. 2016, Chan et al. 2018),
and information asymmetry (e.g., Li and Zhou 2019, Zhang et al. 2018) in addition to the
framework discussed in this paper.
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